Abstract Rapidly changing field of genetic technology and its application in the management of hematological malignancies has brought significant improvement in treatment and outcome of these disorders. Today, genetics plays pivotal role in diagnosis and prognostication of most hematologic neoplasms. The utilization of genetic tests in deciding specific treatment of various hematologic malignancies as well as for evaluation of depth of treatment response is rapidly advancing. Therefore, it is imperative for practitioners working in the field of hemato-oncology to have sufficient understanding of the basic concepts of genetics in order to comprehend upcoming molecular research in this area and to translate the same for patient care.
Introduction
Hematologic malignancies are amongst the top 10 malignant disorders with respect to the incidence as well as cause of death in patients suffering from cancers. Collectively, they constitute approximately 9 % of all cancer cases diagnosed in a year [1] . Annual incidence rates of some of these cancers are consistently increasing. However, a trend of significant decline in mortality due to many hematological malignancies has been observed [1] . This positive trend is being observed predominantly because of the numerous advancements in their diagnosis and management over last decade or so. Many of these advancements have been due to the developments in genetic technology and their applications in the field of hemato-oncology. Today, geneticists are providing hemato-oncologists with not only diagnostic tests but also the key knowledge of cancer genetics which helps the specialist assess prognosis of their patient, selection of the most appropriate anticancer therapy, and monitoring the response to treatment. This has established a close relationship between the fields of genetics and hemato-oncology. Therefore, it is imperative for practitioners working in this field to have sufficient understanding of the basic concepts of genetics in order to comprehend upcoming molecular research and to translate the same in practice.
In this review we describe some frequently used genetic tests in the management of hematologic malignancies. We also discuss their applications for the major hematologic malignancies. Genetics of lymphoma is an extensive topic and it should be addressed in a separate article, therefore lymphomas are excluded from the discussion of this article. A glossary of the genetic terms for a better understanding of the subject and the text in this article is also provided with this review.
Frequently Used Genetic Techniques in HematoOncology
dividing corneal epithelial cells [2] . Since then, chromosomal studies have advanced significantly. From its initial use in inherited disorders related to aneuploidy, cytogenetics has now become frequently used genetic investigation in various malignancies. In contrast to the epithelial carcinoma, genetic aberrations in hematological malignancies frequently involve balanced or reciprocal chromosomal translocations [3] . Therefore techniques useful in detecting chromosomal aberrations (like cytogenetics) are more relevant in hemato-oncology than in other spheres of oncology.
Conventional cytogenetics continues to be the most frequently ordered genetic test for various leukemias, most prominently chronic myelogenous leukemia (CML) in a resource limited situation. Conventional cytogenetics also enjoys the tag of flag bearer of genetics in the field of hemato-oncology as it was the first genetic test used in clinical practice for diagnosis of CML. In the year 1960 Philadelphia chromosome (named after the city of its discovery Philadelphia) was discovered in the University of Pennsylvania USA [4] (Fig. 1) .
A karyotype is prepared from living cells (most commonly leukocytes in peripheral blood or bone marrow). It detects numerical and large structural chromosomal aberrations (structural abnormalities of C3-5 Mb of DNA) in the sampled tissue. Generally peripheral blood lymphocyte culture is used for diagnosis of non-malignant genetic disorders. The cells are cultured in a favorable media using T lymphocyte mitogens like phytohemagglutinin (PHA), so as to enhance the mitotic division, thereby abundant metaphases are obtained. However malignant cells from bone marrow or peripheral blood are used for identification of cytogenetic abnormalities in hematological malignancies, wherein the yield of metaphases may be sub-optimal. Therefore various methods are employed to improve the mitotic index and morphology of chromosomes. Mitosis inhibitor (like colchicine) is used to arrest cells in metaphase so that the chromosomes can be studied in their most condensed form. Slide preparation is done to get metaphase spreads and the cells are then subjected to G banding (G stands for Giemsa). The slides are then studied with an image analyzer for various detectable numerical or structural chromosomal aberrations. Cytogenetic analysis of chronic lymphocytic leukemia (CLL) and multiple myeloma (MM) patients is often difficult because of the low proliferating rate of the malignant cells and the presence of normal cells in bone marrow which may interfere with their growth. In such cases, TPA (12-O-tetradecanoylphorbol 13-acetate) stimulated cultures are used to improve the yield of metaphases. Some common applications of conventional karyotyping are illustrated in Table 1 .
Another advantage of conventional cytogenetics is its ability to detect additional cytogenetic abnormalities which cannot be detected by locus specific investigations like fluorescent in-situ hybridization (FISH) or polymerase chain reaction (PCR) (described ahead in the article). A conventional karyotype cannot detect small deletion of few kilo base pairs length and cryptic translocations. For detection of such small genetic changes more advanced genetic techniques are employed. Cytogenetic analysis of hematological malignancies is much more difficult, complex and labour intensive, as compared to non-malignant genetic disorders; main reasons being need to analyze multiple types of samples/ cultures and difficulty in standardizing the methodology in order to obtain good metaphase yield and chromosome morphology. In the Indian context, the discipline of cytogenetics has not grown as much as that of molecular genetics. Although both are complementary to each other, cytogenetic analysis remains the gold standard for most numerical and large structural chromosomal abnormalities.
Fluorescent In-Situ Hybridization (FISH)
FISH is a molecular cytogenetic technique i.e. it identifies chromosomal abnormalities using molecular technology. Commercially available DNA probes (single stranded DNA labeled with fluorochrome) are hybridized to a patient's sample and the hybridization is visualized using a fluorescence microscope [5] (Fig. 2) . This technique doesn't essentially require living cells and can be performed both on dividing as well as on non-dividing interphase cells. FISH has several advantages over karyotyping. It can be performed on cells with low in vitro mitotic index such as in indolent lymphoid and plasma cell malignancies where conventional karyotyping has limitations. Greater number of cells can be analyzed in a given case by FISH, providing a more representative assessment of the proportion of abnormal cells. Also, when karyotype analysis is hampered by considerable karyotypic variability and complexity, FISH analysis provides a rapid and reliable method for determination of specific abnormalities. At present FISH is one of the most commonly used genetic techniques in evaluation and prognostication of various hematologic malignancies like acute and chronic leukemia and multiple myeloma (Table 1) .
Comparative genomic hybridization (CGH) [6] and spectral karyotyping (SKY) [7] , which are also based on the hybridization technique, are relatively recent and improved techniques of chromosomal analysis.
Spectral karyotyping (SKY) is also known as multicolor FISH. This technique uses specific whole chromosome paint probes to paint each of the 24 (22 pairs of autosomes and 2 sex chromosomes) human chromosomes with different colors [8] . This tool has proved invaluable to identify origin of a derivative chromosome and the chromosome of origin in a translocation. This has also improved the accuracy of cytogenetic testing. However, [9] . Real time PCR (RQ-PCR) is the second most common technique based on PCR. In this technique, amplified DNA is tagged with nonspecific fluorescent dyes that intercalate with any doublestranded DNA [10] the thermo-cycler (machine to carry out PCR reactions) contains sensors for measuring the fluorescence emitted from the flurophore after it has been excited at certain wavelength. Generation rate of fluorescence is measured and real lime values of DNA amplification are provided, thus the name real time PCR. This technique can quantify copy numbers of a given DNA sequence in a sample. In clinical practice RQ PCR is commonly used for viral copies detection and specific gene detection like bcr:abl1 and PML-RARA for assessment of treatment response. A type of PCR such as Amplificationrefractory mutation system (ARMS-PCR) is used to detect any mutation involving single base changes or small deletions [11] . Digital PCR is a new approach to DNA/ RNA detection and quantification. It is emerging as an alternative to conventional RQ-PCR for quantification and low abundance mutation detection [12] . This is a chip based assay in which several samples can be tested simultaneously. After replication of genetic material dyelabeled probes are used to detect sequence specific targets in a given sample. Table 3 describes key differences in various PCR techniques. PCR is usually performed on DNA/RNA extracted from fresh blood/tissue samples. But, owing to exquisite sensitivity of this technique it can be used to analyze paraffin fixed tissues or bone marrow aspiration slides as well.
The applications of PCR in hematologic malignancies include [13] 1. Detection of fusion genes 2. Detection of mutations 3. Post transplant chimerism analysis 4. Determination of lymphoid clonality
The best example of fusion gene is BCR-ABL1 in CML (Fig. 3) . The fusion gene produces mRNA transcript which can be quantified using real time RT-PCR thus allowing determination of response to treatment (Major molecular response-as defined by [3 log reduction in bcr-abl transcript), monitoring of residual disease and treatment failure (2-5 fold increase in BCR-ABL1 transcripts). Other examples include detection of PML-RARA fusion gene in APL and bcl2-IgH in follicular lymphoma.
Very often subtle mutations rather than new fusion genes are the genetic abnormalities in hematological malignancies. Detection of these mutations provides important diagnostic and prognostic information. Table 2 provides a list of such mutations and their corresponding malignancies.
Apart from diagnosis and prognostication, another important use of PCR in Hematology is in the field of bone marrow transplant and minimal residual disease (MRD) detection. After an allogeneic bone marrow or peripheral blood stem cell transplant there is a phase of crossover between host's bone marrow and grafted bone marrow. Thus a temporary state of chimera is created in this initial phase of transplant. Ultimately grafted bone marrow takes over and all the hematopoietic cells are of donor's stem IPSS-R score
Very poor = 4 BCR-ABL breakpoint cluster region-Abelson gene, CBF core binding factor, CEBPA CCAAT/enhancer binding protein alpha, CN_AML (cytogenetically Normal AML), E2X-PBX1 pre-B-cell leukemia homeobox, NPM1 Neucleophosmin1, FLT3ITD FMS-like tyrosine kinase 3 gene producing internal tandem duplications, MLL mixed lineage leukemia also termed ALL-1, HRX, and TRX1, TEL-AML1 TEL oncogeneAcute myeloid leukemia1 gene: also known as ETV6-RUNX1 results from a t(12;21(p12,q22), OS Overall survival cells origin. Assessment of fraction of cells derived from host bone marrow versus donor's bone marrow is commonly called as chimerism study. The assessment of chimerism helps predict graft failure, disease relapse and graft versus host disease. This is studied using PCR based amplification of short tandem repeats (STR) and variable nucleotide tandem repeats (VNTR) markers followed by capillary gel electrophoresis. The level of chimerism is assessed by the allele size pattern. Single nucleotide polymorphisms or insertion/deletion polymorphisms and real-time PCR are more sensitive techniques to quantify chimerism status in a post transplant patient [14] .
Genome-Wide Arrays
Cancer cells have complex genetic alterations. Very small genomic changes remain undetectable by the above mentioned techniques and require more sensitive technology for identification. Microarray based testing such as array comparative genomic hybridization (CGH) and single nucleotide polymorphisms (SNP) arrays are making their way in routine diagnostics for hematological malignancies.
In array CGH equal quantities of DNA from a reference (control) and a test (case) sample are differentially labeled with two different fluorophores. They are then co-hybridized competitively onto an array platform. An array platform is a commercially available chip which is spotted with many thousands evenly spaced cloned DNA fragments or oligonucleotides. The copy numbers of DNA sequences in the test and reference samples are quantified by assessment of relative fluorescence intensities detected by digital imaging systems. This technique can detect very small copy-number aberrations with high accuracy [15] . SNP arrays have an additional ability to detect copy-neutral Loss of Heterozygosity (also called uniparental disomy). At present wide use of genome wide arrays studies is limited by its complexity and lack of availability.
Gene Expression Profiling
Technique of gene expression profiling (GEP) enables study of thousands of genes expressed in a tumor simultaneously. In the context of hematologic malignancies, GEP has been used to classify tumors into various genetic subtypes according to their distinct genetic signature. This technique is based on DNA microarray which utilizes plates which have various complementary genetic sequence covalently attached to them. In the field of Hematology GEP has been best utilized for diffuse large B cell lymphoma, which is classified in two novel classes of germinal center B cell-type, or activated B cell type, the latter of which carries distinctly less favorable prognosis [16] . Now GEP is being used for stratification of cases of various hematologic neoplasm like plasma cell disorders, chronic lymphoproliferative disorders and lymphoma, into high and low risk groups. However, at present availability of GEP is restricted to few research centers only limiting its wide use in clinical practice.
Next Generation Sequencing (NGS)
The term ''next generation'' reflects the revolutionary advancement in field of sequencing. Sanger sequencing (now called first generation sequencing) could sequence only a single DNA fragment at a time by capillary electrophoresis. In NGS millions of DNA fragments can be sequenced simultaneously. Thus, it is a high throughput parallel sequencing technique and allows thousands of genomes to be studied in a short time. Through NGS one can study not only the genome but also the transcriptome (from RNA) and epigenome (DNA methylation sites). The commonly used NGS methods include:
A. Genomics-whole genome sequencing, exome sequencing, targeted sequencing B. Transcriptomics-mRNA sequencing C. Epigenomics-CHIP sequencing (chromatin immunoprecipitation) to study DNA-protein interactions.
Application of NGS in hematologic malignancies has confirmed presence of mutation of certain genes like TP53, ATM, RAS etc. which were earlier known to be mutated in various solid malignancies. Besides that NGS is unraveling several novel mutations in genes involved in hematologic malignancies. The list of such mutated genes like IDH1, IDH2, DNMT3A, and SF3B1 is continuously increasing [17] . Future directions are to incorporate this detailed genomic information into the existing prognostic scoring systems and to provide optimum therapeutic plans based on an individual's specific genomic background. Table 4 enumerates glossary of commonly used genetic terms and their definitions.
Interpretation of Various Key Genetic Changes in Hematologic Malignancies
Our understanding of prognostic or predictive value of various genetic parameters is rapidly changing. Accumulation of data on long term outcome of large number of patients in future will definitely help us to validate newer specific genetic abnormalities. As of today, majority of genetic tests are used to determine prognosis in a given patient of a hematologic malignancy. In the times to come genetic information will be incorporated in treatment decisions more frequently and that will be another step towards personalized medicine in today's era. Wide range of prognostic markers including, clinical features, radiological, cytochemical, immunophenotypic and genetic alterations are available for hematologic neoplasms. For this review, we have focused only on the currently available genetic tests in clinical use and their interpretation. [18] .
Mutation in core binding factor (CBF), Nucleophosmin1 (NPM1), and CCAAT/enhancer binding protein alpha (CEBPA) genes are associated with favorable outcome in AML patients. Table 2 shows various translocations which are associated with these genetic mutations. Some studies have also shown that mutation in KIT gene and Wilms Tumor 1 (WT1) gene are associated with poorer outcome in AML patients [19, 20] .
Mutations in the FMS-like tyrosine kinase 3 gene producing internal tandem duplications (FLT3-ITD) lead to constitutive activation of the FLT3 tyrosine kinase. FLT3-ITD has emerged as one of the most potent poor prognostic markers in cytogenetically normal AML (CN-AML) patients. In CN-AML cases presence of FLT3ITD mutation imply poor outcome similar to the patients in the poor risk group. As shown in Table 2 , FLT3ITD gene mutation has potential of nullifying good prognostic value of NPM1 gene mutation if both of them are expressed together [21] . FLT3ITD has also emerged as a predictive marker for benefit with multi-kinase inhibitor sorafenib in AML patients [22] .
Acute Lymphoblastic Leukemia (ALL)
For ALL conventional karyotype is ordered to see the ploidy level in leukemic cells as it is now known that hyperdiploidy carries a much better prognosis than hypodiploidy.
The translocation t(12;21)(p13:q22) is the most frequent genetic abnormality in precursor B cell acute lymphoblastic leukemia (ALL) cases. It is seen in approximately 25 % cases. This translocation results in the fusion of the 5 0 region of the gene TEL (ETV6), to the AML1 (RUNX1) locus and is associated with favorable prognosis [23] . Apart from providing important prognostic information certain genetic aberrations have emerged as predictive markers. The translocation t(12;21) involving TEL/AML1 genes is associated with good outcome and these patients show high cellular sensitivity to L asparaginase [24] . Similarly patients with t(1;19) have a better response with high dose methotrexate containing regimen [25] . However conventional karyotyping has limitation that it cannot detect many translocations in ALL because they are cryptic in nature therefore FISH is a better tool to employ for cytogenetic study of ALL patients.
The latest development in the field of ALL is use of minimal residual disease (MRD) after induction therapy for prognostication as well as treatment planning. MRD is defined by residual leukemic cells following the achievement of complete hematologic remission, but are below the limits of detection by microscopic assessment of blood and bone marrow. The detection of residual disease is usually based on either molecular or immune-phenotypical markers present in malignant cells. Variety of techniques can be used for detection of MRD, including immunophenotyping, cytogenetics, FISH, Southern blotting, spectral karytyping, PCR, and deep sequencing [26] [27] [28] .
It is agreed upon that to be effective, MRD detection technique should be able to detect one malignant cell out of 1000 cells [28] . At present, FISH, spectral karyotyping, PCR and gene sequencing fulfill these criteria. ALL is a clonal disorder and malignant cells have unique immunoglobulin gene rearrangements in B-lineage ALL and T cell receptor gene rearrangements in T-lineage ALL. For MRD study by molecular technique, the specific rearrangements must be sequenced in each case at the time of diagnosis. Presence of the same sequence is tested after finishing a particular phase of treatment to assess amount of MRD [29] .
In some cases ALL cells carry a specific genetic abnormalities like translocation leading to gene fusion. The most common example of such gene fusion in ALL is BCR-ABL1. This finding makes estimation of MRD easier as PCR studies targeting gene fusions do not require the laborious sequencing or patient-specific primers required in antigen-receptor gene rearrangements studies because fixed sets of primers can be applied to all cases with a given gene fusion like BCR-ABL1. [30] .
Chronic Myelogenous Leukemia (CML)
Role of genetics in monitoring and changing treatment in hematologic malignancies is exemplified by CML. Most patients of CML show remarkable response to tyrosine kinase inhibitors and achieve complete hematologic response relatively early in the treatment rendering the hematologic parameters suboptimal for monitoring of treatment response thereafter. It is evident from Table 1 that either conventional Cytogenetics showing Philadelphia chromosome or FISH for translocation t(9;22) is sufficient for diagnosis of a case of CML. These tests can also be effectively used for monitoring of treatment response at specific time intervals and a patient can be classified into various categories of response depending up on proportion of remaining Philadelphia chromosome positive cells viz. [1] No response ([95 % Ph? cells), [2] minimal (66 to 95 % Ph? cells), [3] minor (36 to 65 % Ph? cells), [4] major (1 to 35 % Ph? cells), and [5] complete response (no Philadelphia chromosome positive cell). However better quantification techniques were desirable and it can be achieved by using RQ-PCR to detect levels of bcr-abl gene transcripts. Comparative advantages and disadvantages of various genetic tests for CML response monitoring are illustrated in Table 5 .
It is important to understand two terms in relation to CML response monitoring, [1] International scale (IS) [2] Log reduction. The International Scale is defined by the ratio of BCR-ABL1 transcripts to normal ABL1 transcripts on a logarithmic scale. Log reduction is the level of reduction of bcr-abl transcript from the baseline value expressed on a log scale. Therefore, mathematically, one log reduction is equal to 10 fold reduction in the bcr-abl transcripts. With the increased sensitivity of PCR technique, molecular responses are now ''graded'' as MR3.0, MR3.5, MR4.0, and MR4.5 whereby suffix number denotes level of log reduction. MR4.5 states that there is C1000 fold reduction in bcr-abl transcript or they are not detectable. This desirable state is also called as ''complete molecular response'' [31] . Table 6 illustrates various levels of response in CML on the basis of cytogenetics and PCR respectively.
In clinical practice, cytogenetic response is routinely checked at 6, 12 and 18 months of starting treatment and thereafter annually for follow-up. Similarly, molecular response is assessed at 3,6,12 and 18 months and thereafter periodically for follow-up. It is evident from the literature that the patients who have suboptimal cytogenetic or molecular response at a given point of time fare poorly in the long run [32] [33] [34] . Interpretation of these tests and alteration in treatment for management of suboptimal response is out of purview of this article. However in suboptimal responders, genetics can again contribute by detecting molecular reason of poor response in an otherwise compliant patient. Mutational analysis by RTPCR for various known mutations in tyrosine kinase ATP binding domain can identify a specific mutation [35, 36] which eventually helps oncologists to alter the management of a patient accordingly. Current research is focusing on using these ultra sensitive PCR techniques to select appropriate patients for cessation of tyrosine kinase therapy who have achieved deepest molecular response. A positive outcome of such study may lead to second revolutionisation in the field of CML after the development of TKI imatinib.
Chronic Lymphocytic Leukemia (CLL)
CLL is a clonal disorder and 40-50 % patients have clonal abnormalities identifiable with conventional cytogenetics. However as discussed earlier, cytogeneticist may face a problem in obtaining metaphase karyotype owing to low mitotic index of leukemic lymphocytes in CLL. This brings in the role of FISH in the analysis of CLL patients. For example del17p leads to loss of TP53 gene which is regarded as poorest prognostic marker in CLL with median survival of less than 3 years. This deletion imparts relative resistance to conventional antineoplastic agents. It is therefore indicated that CLL patients with del17p should be treated with newer targeted agents or they should be encouraged to participate in a clinical trial. At present, specific agents like ibrutinib (bruton tyrosine kinase inhibitor), idelalesib (Phosphatidylinositol-4,5-bisphosphate 3-kinase inhibitor) and flavopiridols have shown promising results in CLL with del17p [37] . Short of these newer agents, CLL patients with del17p are eligible candidate for allogeneic stem cell transplant for long term survival.
On the basis of immunoglobulin heavy chain variable region (IGHV) gene rearrangement CLL cases are divided into two subtypes, viz. IGHV mutated and unmutated. These two subtypes have different outcome with IGHV unmutated patients having shorter survival and higher rate of disease recurrence after therapy. Approximately 50 % of the patients of CLL fall in mutated and unmutated group each. These mutational studies have robust prognostic value however their availability is not universal due to complex nature of the investigation.
MicroRNAs (miRNAs) are small non-coding RNAs and they are involved in post transcription regulation of genes. Mutations in miRNA are frequently seen in cases of CLL. miRNA29c, miR-223, and miRNA 155 are linked with outcome of CLL and could predict treatment-free survival (TFS) and overall survival (OS) [38, 39] .
Multiple Myeloma (MM)
Multiple myeloma arises from plasma cells which are the most differentiated form of B cell. Conventional karyotype reveals cytogenetic abnormality in one-fourth of the patients. Myeloma is a genetically heterogeneous disorder. With the help of conventional and modern cytogenetic techniques MM cases can be classified into two groups: non-hyperdiploid and hyperdiploid myeloma cases. Non-hyperdiploid myeloma is seen in about 40 % of the cases and is characterized by translocations involving the immunoglobulin heavy chain gene at chromosome 14q32, resulting in transcriptional activation of CCND1, CCND3, MAF, MAFB,or FGFR3/ MMSET. On the other hand hyperdiploidy in myeloma is seen due to trisomies of multiple odd chromosomes (3, 5, 7, 9, 11, 15, 19, and 21) and is believed to have a better prognosis [40] . However like mature lymphocytes, plasma cells also have a low growth fraction which makes decisions on conventional karyotyping unreliable.
More readily used genetic tests for multiple myeloma are based on FISH to detect key translocations as mentioned in Table 2 .
The most common partner in chromosomal translocations in MM is chromosome 14q32, the site of the immunoglobulin heavy chain gene. These include: t (11, 14) , t (4, 14) , t (8, 14) , and t (14, 16) .
Modern genetic techniques such as microarray based DNA testing are coming to aid in such situations. For examplerecently University of Arkansas for Medical Sciences developed a 70 gene signature microarray called MyPRS (Myeloma Prognostic Risk Score). This gene expression profiling analysis allocates scores on the basis of tested genes which is presented as either low (70-gene score \ 45.2) or high (C45.2) risk for relapse [41, 42] . However such techniques remain expensive as well as sparsely available.
Myelosysplatic Syndrome (MDS)
MDS is unique due to protean morphologic features in blood and BM examinations. At times dysplastic changes in various cell lines are subtle and beyond the limits of human eyes. Detection of key genetic changes in such patients may clinch the diagnosis in time and can assist in selection of treatment as well. International prognosis scoring system (IPSS, IPSS-R) is used for prognostication of MDS patients and cytogenetic abnormalities are one of the 5 components of IPSS [43, 44] . Good karyotype includes normal karyotype, -Y, del(5q), or del(20q). Poor karyotype includes complex karyotype (C3 abnormalities) or abnormal chromosome 7. Other cytogenetic abnormalities are clubbed together as intermediate karyotype.
Cytogenetic abnormalities are found at baseline in 20 to 70 % of patients with MDS. The highest frequencies were found in patients with refractory anemia with excees blasts (RAEB)-1 and (RAEB)-2.
Deletion involving chromosome 5, del(5q), is one of the most common cytogenetic abnormality in patients with MDS. Approximately 5 % of cases are classified as the myelodysplastic syndrome with isolated del(5q) [45] . The prognostic value of del(5q) is variable in published literature, however emerging data suggested that immunomodulating drug lenalidomide is more efficacious in patients with del(5q) MDS. Perhaps this is explained by modulation of aberrant signaling pathways caused by haplosufficiency of specific genes in a commonly deleted region on chromosome 5 by lenalidomide [46] .
Conclusions
Induction of genetics in clinical practice may appear intimidating due to sheer complexities of the techniques involved. However, genetics has provided a completely new perspective with which we approach hematologic neoplasm today. With time these complex investigations are becoming not only more refined, but also more affordable and easily accessible. Future looks more promising in the field of genetics in relation to oncology. At present The Cancer Genome Atlas is being developed. Team of geneticists and oncologists are now working together to map the cancer cell genome to try to learn precise mechanism behind oncogenesis. The results of this project will further improve our understanding of the genetic basis of cancer. In the times to come hemato-oncologists, hematopathologists and medical geneticists will be an integral part of a team which can deliver optimal and personalized care to patients suffering from various hematologic malignancies on the basis of genetic profile of their illness.
